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(57) ABSTRACT 

An ink-based digital printing apparatus includes an imaging 
member having a surface layer with regular texture. The 
regular texture includes an array of microstructures such as 
cavities. Methods include forming the imaging member tex 
tured surface using photolithography and molding processes. 
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APPARATUS AND METHODS FOR 
NK-BASED DIGITAL PRINTING USING 
MAGING PLATE HAVING REGULAR 
TEXTURED SURFACE FOR REDUCED 

PULLBACK 

FIELD OF DISCLOSURE 

The disclosure relates to ink-based digital printing. In par 
ticular, the disclosure relates to methods and systems for 
ink-based digital printing using an imaging plate configured 
with a fluorosilicone Surface having an array of microstruc 
tures arranged to reduce ink image defects and improve fea 
ture sharpness by reducing dampening fluid or fountain solu 
tion pullback. 

BACKGROUND 

Related art ink-based digital printing systems, or variable 
data lithography systems configured for digital lithographic 
printing, include an imaging system for laser patterning a 
layer of dampening fluid applied to an imaging member hav 
ing a reimageable surface layer constituting an imaging plate 
or blanket. The dampening fluid layer may be applied by, for 
example, splitting dampening fluid between a delivery roller 
and the imaging member Surface, wherein the delivery roller 
contacts the imaging member Surface. The dampening fluid 
layer is laser-patterned according to image data using the 
imaging system. In particular, the laser applied to the Smooth 
fluorosilicone plate Surface evaporates select portions, or 
imaging portions, of the dampening fluid layer disposed 
thereon. 

SUMMARY 

Apparatus and methods are desired for reducing pullback 
of imaging areas into non-imaging areas of a dampening fluid 
layer on an imaging member during laser patterning. Appa 
ratus and methods are provided that reduce pullback and 
provides good image quality using a textured imaging mem 
ber surface. 

In an embodiment, an imaging member for ink-based digi 
tal printing may include a textured imaging Surface, the tex 
tured imaging Surface having a plurality of microstructures 
arranged in a regular pattern configured for enhancing control 
over wetting and dewetting of dampening fluid. The textured 
imaging Surface may further include materials selected from 
the group comprising silicone, fluorosilicone, fluoroelas 
tomers (FKMs), and hybrids of FKMs, fluorosilicones, and 
silicones. 

In an embodiment, the plurality of microstructures may 
include protrusions extending from the imaging member Sur 
face. The textured imaging Surface may include iron oxide or 
carbon black or graphene or carbon nanotube or any other 
suitable Infrared (IR) absorbing fillers. 

In an embodiment, the plurality of microstructures may 
include cavities, the cavities being defined by the imaging 
member Surface. The cavities may be arranged whereby adja 
cent cavities are equally spaced from each other by a distance 
of 0.5 microns to 6 microns. 

In an embodiment having protrusions, the protrusions may 
have a height lying in a range of 0.1 microns to 1.0 micron. In 
another embodiment, the protrusions may have a height lying 
in a range of 0.2 microns to 0.7 microns. 

In an embodiment, the cavities have a depth lying in a range 
of 0.1 microns to 1.0 micron. In another embodiment, the 
cavities have a depth lying in a range of 0.2 microns to 0.7 
microns. 
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2 
In an embodiment, methods of forming an imaging mem 

ber configured for ink-based digital printing, the imaging 
member having a regular textured Surface configured for 
enhancing control over wetting and dewetting of dampening 
fluid or fountain Solution, may include applying uncured 
imaging layer material to a mold whereby the uncured imag 
ing layer material conforms to a surface of the mold; curing 
the applied imaging layer material to form a solid imaging 
member Surface layer, and removing the cured solid imaging 
member Surface layer, the cured imaging member Surface 
layer having a regular texture comprising microstructures that 
correspond to the surface of the mold. 

In an embodiment, the mold may be a silicon mold com 
prising cavities in a surface thereof, the method further 
including forming the silicon mold by applying negative pho 
toresist material to a Surface of a silicon Substrate; baking the 
photoresist material on the silicon Substrate; exposing and 
developing the photoresist material using a mask having a 
feature size of 3 micron and center to center spacing of 4.5 
micron, etching the patterned photoresist material and corre 
sponding silicon; and stripping the etched photoresist, 
whereby the silicon substrate defines cavities having a depth 
lying in a range of 0.5 microns to 1 microns. 

In an embodiment, methods may include the mold being a 
silicon mold comprising cavities in a Surface thereof, the 
methods forming the silicon mold by applying positive pho 
toresist material to a Surface of a silicon Substrate; baking the 
photoresist material on the silicon Substrate; exposing and 
developing the photoresist material using a mask having a 
feature size of 3 microns and center to center spacing of 4.5 
microns; etching the patterned photoresist material and cor 
responding silicon; and stripping the etched photoresist, 
whereby the silicon substrate defines cavities having a depth 
lying in a range of 0.5 microns to 1 microns. 

In an embodiment, methods may include the mold being a 
silicon mold comprising cavities having a diameter lying in 
the range of 0.1 microns to 6 microns, a center-to-center 
spacing of 0.1 microns to 6 microns, and a depth of 0.1 
microns to 1 micron, the cavities being formed by photoli 
thography, e-beam lithography, or laser irradiation. 

In an embodiment, the microstructures of the imaging 
member Surface layer may include cavities having a depth 
lying in a range of 0.1 microns to 1.0 micron. In another 
embodiment, the microstructures of the imaging member Sur 
face layer may have cavities having a depth lying in a range of 
0.2 microns to 0.5 microns. In an embodiment, the micro 
structures of the imaging member Surface layer may include 
protrusions. 

In an embodiment wherein the mold comprises silicone, 
fluorosilicone, FKMs or hybrid of FKMs, silicones, and fluo 
rosilicones, the mold formed using a silicon mold having 
cavities patterned thereon, methods may include the forming 
the fluorosilicone mold including applying material compris 
ing fluorosilicone to a silicon mold having cavities formed 
therein; curing the applied material overnight at 160 degrees 
Celsius to form a solid fluorosilicone mold having protru 
sions that correspond to the cavities of the silicon mold; and 
removing the fluorosilicone mold from the silicon mold. 

In an embodiment, methods may include the forming the 
imaging member Surface layer further including applying 
imaging layer material to a Surface of the silicone/fluorosili 
cone, FKMs or hybrid of FKMs and silicones/fluorosilicones 
mold whereby the imaging layer material conforms to the 
surface of the appropriate (silicone/fluorosilicone, FKMs or 
hybrid of FKMs and silicones/fluorosilicones) mold; curing 
the applied imaging layer material at appropriate tempera 
tures from 70-220 Celsius for 2 hours to overnight to form a 
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Solid imaging layer material having cavities formed therein 
that correspond to the protrusions of the fluorosilicone mold; 
and removing the solid imaging layer material. In an embodi 
ment, methods may include the Solid imaging layer material 
comprising silicone/fluorosilicone, FKMs or hybrid of FKMs 
and silicones/fluorosilicones and an appropriate IR imaging 
filler Such as iron oxide, carbon black, graphene, carbon 
nanotubes in the form of pristine or modified form wherein 
the microstructures of the imaging member Surface layer 
comprise the cavities formed in the Solid imaging layer mate 
rial. 

Exemplary embodiments are described herein. It is envi 
Sioned, however, that any system that incorporates features of 
apparatus and systems described herein are encompassed by 
the scope and spirit of the exemplary embodiments. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a diagrammatical side view of a related art 
ink-based digital printing system; 

FIG. 2 shows an upper image of a regular pattern to be 
printed and lower image of a digitally printed offset ink image 
using a randomly textured imaging member, 

FIG. 3 shows a process for producing a textured imaging 
member mold for an imaging member Surface having a regu 
lar microstructure array or pattern in accordance with an 
embodiment; 

FIG. 4A shows a scanning electron micrograph (SEM) of a 
silicon mold including a photoresist pattern on silicon wafer 
as may be produced by the process of FIG. 3; 

FIG. 4B shows an etched silicon wafer with micrometer 
scale cavities or trenches as may be produced by the process 
of FIG.3: 

FIG. 5 shows an imaging member forming process having 
bumps in accordance with an embodiment; 

FIG. 6 shows an imaging member forming process having 
cavities in accordance with an embodiment; 

FIG. 7A shows an optical micrograph of a fluorosilicone 
imaging member or plate having bumps formed by methods 
in accordance with embodiments; 

FIG. 7B shows an optical micrograph of a fluorosilicone 
imaging member or plate having cavities formed by methods 
in accordance with embodiments; 

FIG. 8A shows an optical micrograph of fluorosilicone 
imaging member or plate with microscopic bumps in accor 
dance with an embodiment; 

FIG. 8B shows an optical micrograph of fluorosilicone 
imaging member or plate with microscopic cavities in accor 
dance with an embodiment; 
FIG.9A shows an SEM micrograph of fluorosilicone plate 

with microscopic bumps in accordance with an embodiment; 
FIG.9B shows an SEM micrograph of fluorosilicone plate 

with microscopic cavities in accordance with an embodi 
ment, 
FIG.9C shows an SEM micrograph of fluorosilicone plate 

with microscopic bumps at a higher magnification than that 
used for FIG.9A; 
FIG.9D shows an SEM micrograph of fluorosilicone plate 

with microscopic cavities at a higher magnification than that 
used for FIG.9B; 

FIG. 10A shows a spread D4 drop on a smooth fluorosili 
cone plate surface; 

FIG. 10B shows a spread D4 drop on a random texture 
fluorosilicone plate surface; 

FIG. 10C shows a spread D4 drop on a regular texture 
fluorosilicone plate surface; 
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FIG. 11 shows graphed data pertaining to D4 solution 

spreading of 2 microliter drops on fluorosilicone plate Sur 
faces; 

FIG. 12A shows an image taken during laser exposure of 
fountain Solution on a textured imaging member Surface in 
accordance with an embodiment; 
FIG.12B shows the textured surface of 12A after fountain 

Solution has evaporated. 

DETAILED DESCRIPTION 

Exemplary embodiments are intended to cover all alterna 
tives, modifications, and equivalents as may be included 
within the spirit and scope of the apparatus and systems as 
described herein. 

Reference is made to the drawings to accommodate under 
standing of a textured imaging member for ink-based digital 
printing, and methods for producing the same. In the draw 
ings, like reference numerals are used throughout to designate 
similar or identical elements. The drawings depict various 
embodiments of illustrative apparatus and methods for ink 
based digital printing using an imaging member having a 
textured Surface including a regular array of microstructures. 

U.S. patent application Ser. No. 13/095,714 (“714 Appli 
cation'), which is commonly assigned and the disclosure of 
which is incorporated by reference herein in its entirety, pro 
poses systems and methods for providing variable data litho 
graphic and offset lithographic printing or image receiving 
medium marking. The systems and methods disclosed in the 
714 Application are directed to improvements on various 
aspects of previously-attempted variable data imaging litho 
graphic marking concepts based on variable patterning of 
dampening fluids to achieve effective truly variable digital 
data lithographic printing. 

According to the 714 Application, a reimageable Surface is 
provided on an imaging member, which may be a drum, plate, 
belt or the like. The reimageable surface may be composed of, 
for example, a class of materials commonly referred to as 
silicones, including polydimethylsiloxane (PDMS) among 
others. The reimageable surface may beformed of a relatively 
thin layer over a mounting layer, a thickness of the relatively 
thin layer being selected to balance printing or marking per 
formance, durability and manufacturability. 
The 714 Application describes an exemplary variable data 

lithography system 100 for ink-based digital printing, Such as 
that shown, for example, in FIG. 1. A general description of 
the exemplary system 100 shown in FIG. 1 is provided here. 
Additional details regarding individual components and/or 
subsystems shown in the exemplary system 100 of FIG. 1 
may be found in the 714 Application. 
As shown in FIG.1, the exemplary system 100 may include 

an imaging member 110. The imaging member 110 in the 
embodiment shown in FIG. 1 is a drum, but this exemplary 
depiction should not be interpreted so as to exclude embodi 
ments wherein the imaging member 110 includes a drum, 
plate or a belt, or another now known or later developed 
configuration. The imaging member 110 is used to apply an 
ink image to an image receiving media Substrate 114 at a 
transfer nip 112. The transfer nip 112 is formed by an impres 
sion roller 118, as part of an image transfer mechanism 160, 
exerting pressure in the direction of the imaging member 110. 
Image receiving medium Substrate 114 should not be consid 
ered to be limited to any particular composition such as, for 
example, paper, plastic, or composite sheet film. The exem 
plary system 100 may be used for producing images on a wide 
variety of image receiving media Substrates. The 714 Appli 
cation also explains the wide latitude of marking (printing) 
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materials that may be used, including marking materials with 
pigment densities greater than 10% by weight. As does the 
714 Application, this disclosure will use the term ink to refer 
to a broad range of printing or marking materials to include 
those which are commonly understood to be inks, pigments, 
and other materials which may be applied by the exemplary 
system 100 to produce an output image on the image receiv 
ing media Substrate 114. 
The 714 Application depicts and describes details of the 

imaging member 110 including the imaging member 110 
being comprised of a reimageable Surface layer formed over 
a structural mounting layer that may be, for example, a cylin 
drical core, or one or more structural layers over a cylindrical 
COC. 

The exemplary system 100 includes a dampening fluid 
Subsystem 120 generally comprising a series of rollers, which 
may be considered as dampening rollers or a dampening unit, 
for uniformly wetting the reimageable Surface of the imaging 
member 110 with dampening fluid. A purpose of the damp 
ening fluid subsystem 120 is to deliver a layer of dampening 
fluid, generally having a uniform and controlled thickness, to 
the reimageable Surface of the imaging member 110. As indi 
cated above, it is known that a dampening fluid Such as 
fountain solution may comprise mainly water optionally with 
Small amounts of isopropyl alcohol or ethanol added to 
reduce Surface tension as well as to lower evaporation energy 
necessary to Support Subsequent laser patterning, as will be 
described in greater detail below. Small amounts of certain 
Surfactants may be added to the fountain Solution as well. 
Alternatively, other suitable dampening fluids may be used to 
enhance the performance of ink based digital lithography 
systems. Suitable dampening fluids are disclosed, by way of 
example, in co-pending U.S. patent application Ser. No. 
13/284,114, titled DAMPENING FLUID FOR DIGITAL 
LITHOGRAPHIC PRINTING, the disclosure of which is 
incorporated herein by reference in its entirety. 
Once the dampening fluid is metered onto the reimageable 

Surface of the imaging member 110, a thickness of the damp 
ening fluid may be measured using a sensor 125 that may 
provide feedback to control the metering of the dampening 
fluid onto the reimageable Surface of the imaging member 
110 by the dampening fluid subsystem 120. 
Once a precise and uniform amount of dampening fluid is 

provided by the dampening fluid subsystem 120 on the reim 
ageable surface of the imaging member 110, and optical 
patterning subsystem 130 may be used to selectively form a 
latent image in the uniform dampening fluid layer by image 
wise patterning the dampening fluid layer using, for example, 
laser energy. Typically, the dampening fluid will not absorb 
the optical energy (IR or visible) efficiently. The reimageable 
surface of the imaging member 110 should ideally absorb 
most of the laser energy (visible or invisible such as IR) 
emitted from the optical patterning subsystem 130 close to 
the Surface to minimize energy wasted in heating the damp 
ening fluid and to minimize lateral spreading of heat in order 
to maintain a high spatial resolution capability. Alternatively, 
an appropriate radiation sensitive component may be added to 
the dampening fluid to aid in the absorption of the incident 
radiant laser energy. While the optical patterning Subsystem 
130 is described above as being a laser emitter, it should be 
understood that a variety of different systems may be used to 
deliver the optical energy to pattern the dampening fluid. 
The mechanics at work in the patterning process under 

taken by the optical patterning subsystem 130 of the exem 
plary system 100 are described in detail with reference to 
FIG. 5 in the 714 Application. Briefly, the application of 
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6 
optical patterning energy from the optical patterning Sub 
system 130 results in selective removal of portions of the 
layer of dampening fluid. 

Following patterning of the dampening fluid layer by the 
optical patterning subsystem 130, the patterned layer over the 
reimageable Surface of the imaging member 110 is presented 
to an inker subsystem 140. The inker subsystem 140 is used to 
apply a uniform layer of ink over the layer of dampening fluid 
and the reimageable surface layer of the imaging member 
110. The inker subsystem 140 may use an anilox roller to 
meteran offset lithographic ink onto one or more ink forming 
rollers that are in contact with the reimageable surface layer 
of the imaging member 110. Separately, the inker subsystem 
140 may include other traditional elements such as a series of 
metering rollers to provide a precise feed rate of ink to the 
reimageable surface. The inker subsystem 140 may deposit 
the ink to the pockets representing the imaged portions of the 
reimageable Surface, while ink on the unformatted portions of 
the dampening fluid will not adhere to those portions. 
The cohesiveness and Viscosity of the ink residing in the 

reimageable layer of the imaging member 110 may be modi 
fied by a number of mechanisms. One such mechanism may 
involve the use of a rheology (complex viscoelastic modulus) 
control subsystem 150. The rheology control system 150 may 
form a partial crosslinking core of the ink on the reimageable 
Surface to, for example, increase ink cohesive strength rela 
tive to the reimageable Surface layer. Curing mechanisms 
may include optical or photo curing, heat curing, drying, or 
various forms of chemical curing. Cooling may be used to 
modify rheology as well via multiple physical cooling 
mechanisms, as well as via chemical cooling. 
The ink is then transferred from the reimageable surface of 

the imaging member 110 to a substrate of image receiving 
medium 114 using a transfer subsystem 160. The transfer 
occurs as the Substrate 114 is passed through a nip 112 
between the imaging member 110 and an impression roller 
118 such that the ink within the voids of the reimageable 
Surface of the imaging member 110 is brought into physical 
contact with the substrate 114. With the adhesion of the ink 
having been modified by the rheology control system 150, 
modified adhesion of the ink causes the ink to adhere to the 
substrate 114 and to separate from the reimageable surface of 
the imaging member 110. Careful control of the temperature 
and pressure conditions at the transfer nip 112 may allow 
transfer efficiencies for the ink from the reimageable surface 
of the imaging member 110 to the substrate 114 to exceed 
95%. While it is possible that some dampening fluid may also 
wet substrate 114, the volume of such a dampening fluid will 
be minimal, and will rapidly evaporate or be absorbed by the 
substrate 114. 

In certain offset lithographic systems, it should be recog 
nized that an offset roller, not shown in FIG. 1, may first 
receive the ink image pattern and then transfer the ink image 
pattern to a Substrate according to a known indirect transfer 
method. 

Following the transfer of the majority of the ink to the 
Substrate 114, any residual ink and/or residual dampening 
fluid must be removed from the reimageable surface of the 
imaging member 110, preferably without scraping or wearing 
that surface. An air knife may be employed to remove residual 
dampening fluid. It is anticipated, however, that some amount 
of ink residue may remain. Removal of Such remaining ink 
residue may be accomplished through use of some form of 
cleaning subsystem 170. The 714 Application describes 
details of such a cleaning Subsystem 170 including at least a 
first cleaning member Such as a sticky or tacky member in 
physical contact with the reimageable surface of the imaging 
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member 110, the sticky or tacky member removing residual 
ink and any remaining Small amounts of Surfactant com 
pounds from the dampening fluid of the reimageable Surface 
of the imaging member 110. The sticky or tacky member may 
then be brought into contact with a smooth roller to which 
residual ink may be transferred from the sticky or tacky 
member, the inkbeing Subsequently stripped from the Smooth 
rollerby, for example, a doctor blade. 
The 714 Application details other mechanisms by which 

cleaning of the reimageable Surface of the imaging member 
110 may be facilitated. Regardless of the cleaning mecha 
nism, however, cleaning of the residual ink and dampening 
fluid from the reimageable surface of the imaging member 
110 is essential to preventing ghosting in the proposed sys 
tem. Once cleaned, the reimageable Surface of the imaging 
member 110 is again presented to the dampening fluid Sub 
system 120 by which a fresh layer of dampening fluid is 
Supplied to the reimageable Surface of the imaging member 
110, and the process is repeated. 

According to the above proposed structure, variable data 
digital lithography has attracted attention in producing truly 
variable digital images in a lithographic image forming sys 
tem. The above-described architecture combines the func 
tions of the imaging plate and potentially a transfer blanket 
into a single imaging member 110 that must have a light 
absorptive Surface. 
As discussed above, in variable data lithography printing, a 

dampening fluid or fountain Solution is applied to an imaging 
plate, which comprises an imaging Surface having IR absorp 
tive material Such as carbon black in a silicone elastomer. The 
applied fluid is selectively removed by an IR laser at imaging 
areas according to image data to produce a latent image that is 
then developed with offset ink. The digital ink image may be 
transferred to a Substrate Such as paper, and fixed to the 
Substrate by curing. The imaging plate is configured for wet 
ting by dampening fluid or fountain solution, generating a 
latent image according to variable image data, inking with 
offset ink, and enabling the ink image to lift off the substrate. 
An example plate and fountain solution material set 

includes fully fluorinated fluorosilicone and D4 (octameth 
yltetrasiloxane), respectively. When the laser contacts the 
Smooth fluorosilicone plate and evaporates fountain solution 
in imaging areas, edges of imaging areas pullback and move 
into non-imaging areas. This pullback of edges is due to 
Marangoni flow caused by the temperature gradient between 
imaging and non-imaging areas, combined with low friction 
for the movement of edges of fountain Solution on the Smooth 
plate. A Surface texture of the imaging plate plays a critical 
role in pinning of edges of fountain solution due to increased 
resistance. This is important for achieving desired image 
quality in the print process, e.g., printing sharp edges and 
corners in halftones. 
Some related art imaging plates have been formed with 

texturing from Agfa or an Allied mold wherein the texturing 
is random. It has been found that the random texture has 
limited ability to control wetting of D4 on fluorosilicone 
plates. As such, regular or uniform, patterned texture is 
desired for imaging plate imaging Surfaces for ink-based 
digital printing. 

FIG. 2 shows an imaging plate Surface in accordance with 
an exemplary embodiment. In particular, FIG. 2 shows an 
upper image 201 of an image to be printed or how the result 
ing image should look like after getting printed. FIG. 2 shows 
a lower image 205 of a printed image that was printed using a 
randomly textured imaging plate. The lower image 205 shows 
a non-imaging area 207 and an imaging area 209. The imag 
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8 
ing area209 bleeds into the non-imaging area due to pullback 
as shown at the imaging area intersection 215. 
By way of example, the regular or patterned texture may be 

formed by generating a regular array of microscopic cavities 
on the fluorosilicone plate with a center to center spacing of 
0.5 microns to 6 microns and depth of 0.2 microns to 1 micron 
by photolithography, e-beam lithography, patterned ion irra 
diation and/or molding methods now known or later devel 
oped. It has been found that the contact line or edge of the 
fountain Solution can be pinned to Surfaces most Suitably 
where microstructures such as cavities are closely spaced. On 
the other hand, the fountain solution has been found to spread 
uncontrollably on Smooth and Agfa-textured plate Surfaces, 
or Surfaces having random roughness rather than regularly/ 
uniformly patterned Surfaces. The cavity formation, having a 
depth into the Surface of the imaging member, is also advan 
tageous for being more robust toward paper abrasion than 
bump formations, or formations protruding from the imaging 
member Surface. It is important for the dampening fluid or 
fountain solution to be pinned at a contact line or edge of the 
non-imaging region. Otherwise, evaporation of the fluid dur 
ing imaging by laser patterning may cause pullback, causing 
image distortion. The regular pattern cavity array may be 
formed using a silicon wafer mold in some embodiments. In 
other embodiments, methods may include preparing a flex 
ible mold by thermal embossing processes now known or 
later developed. 

Apparatus and systems of embodiments include an imag 
ing member such as a plate or blanket having an imaging 
Surface textured with a regular array of bumps and/or cavities. 
Preferably, apparatus and systems include an imaging Surface 
textured with a regular array of cavities closely spaced 
together. Embodiments include methods for producing Such 
textured imaging members. 

FIG. 3 shows a process for producing a textured imaging 
member mold for an imaging member Surface having a regu 
lar microstructure array or pattern in accordance with an 
embodiment. In particular, FIG.3 shows a photolithographic 
process for forming a mold to create microscopic hemispheri 
cal bumps or protrusions, and cavities or trenches on a fluo 
rosilicone imaging member Surface, i.e., a plate or blanket for 
digital ink-based printing. The regular array or pattern of 
microstructures enables control over wetting and dewetting 
of dampening fluid or fountain solution Such as D4, and inks 
useful for ink-based digital printing. 

In FIG. 3 shows a silicon wafer that may be coated with 
photoresist material and cured to form a photoresist layer 303 
at S3000. Image reversal or patterning may be performed at 
S3005 to form a pattern in the photoresist layer 303. Etching 
such as isotropic SF6 etching may be performed at S3009 to 
form a cavity in the silicon wafer. The photoresist layer 303 is 
stripped at S3015 to form an imaging member textured sur 
face mold. 

FIG. 4A shows a scanning electron micrograph of a silicon 
mold including a photoresist pattern on silicon wafer as may 
be produced at S3005 of FIG. 3. FIG. 4B shows an etched 
silicon wafer with micrometer scale cavities or trenches as 
may be produced by isotropic SF6 etching at S3009 and 
stripping at S3015 of FIG.3. 
The semicircular or hemispherical cavities may be formed 

using a negative photoresist, e.g., nLOF 2020, or a positive 
photoresist (SPR). For a negative photoresist, the nLOF 2020 
may be coated and prebaked on the silicon Substrate, and then 
exposed and developed using a mask with feature size of 3 
micron diameter and center to center spacing of 4.5 micron, 
for example. Then the silicon may be etched using isotropic 
SF6 etching. The photoresist layer may then be stripped as 
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shown at S3015 of FIG.3. Such methods may be used to form 
cavities of 0.5 microns to 1 micron in depth on a silicon wafer. 

Alternatively, an SPR may be used and an image reversal 
process performed, followed by isotropic SF6 etching to form 
cavities on the silicon. The photoresist layer may then be 5 
stripped away to form hemispherical cavities in the silicon. 

Alternatively, finer patterns on the order of submicron or 
nanometer scale on silicon wafer can also be created by 
e-beam lithography. In addition, laser patterning techniques 
can also be used to pattern the silicon wafers. 
The mold may then be used to form a textured imaging 

member inaccordance with embodiments as shown in FIG.5. 
In particular, FIG. 5 shows an imaging member forming 
process 500. A silicon mold 501 having regularly arranged 
Surface cavities produced by methods discussed above is 
coated at S5021 with an imaging member surface material 
layer 503 comprising fluorosilicone and 10% iron oxide, for 
example. The applied material layer 503 is cured between 110 
degrees Celcius to 160 degrees Celsius for 4-6 hours. at 20 
S5025. The cured material layer 503 is removed from the 
silicon mold at S5031 for use as a surface layer of an imaging 
member configured for ink-based digital printing, or for pro 
ducing a material layer defining cavities. The removed mate 
rial layer 503 includes protrusions formed on the surface 25 
thereof. 

FIG. 6 shows an imaging member forming process 600 
wherein a surface layer of an imaging member includes regu 
larly arranged cavities formed therein. In particular, FIG. 6 
shows a removed material fluorosilicone layer 601 having 30 
bumps, onto which an imaging member Surface material layer 
603 is applied at S6021. The surface material layer may 
comprise fluorosilicone and 10% iron oxide, for example. 
The applied surface material layer 603 is cured at 160° C. for 
four hours at S6025. At S6031, the cured surface material 35 
layer 603 is removed from the fluorosilicone layer 601. The 
removed material layer 603 includes cavities or trenches 
formed therein. 

FIG. 7A shows an optical micrograph of a fluorosilicone 
imaging member or plate having bumps formed by methods 40 
in accordance with the above discussed embodiments. FIG. 
7B shows an optical micrograph of an optical micrograph of 
a fluorosilicone imaging member or plate having cavities 
formed by methods in accordance with the above discussed 
embodiments. The surface texture features are reproducible 45 
with Substantially, if not exactly, the same shapes and dimen 
sion over a large area of the plate. 

FIG. 8A shows an optical micrograph of fluorosilicone 
imaging member or plate with microscopic bumps. The fluo 
rosilicone is a different formulation than that used in FIG. 7A. 50 
Different fluorosilicone formulations may exhibit different 
feature reproducibility, which may also be enhanced by opti 
mizing curing conditions, and by addition of fumed silica. 
FIG. 8B shows an optical micrograph of fluorosilicone imag 
ing member or plate with microscopic cavities. 55 
FIG.9A shows an SEM micrograph of fluorosilicone plate 

with microscopic bumps. FIG.9B shows an SEM micrograph 
of fluorosilicone plate with microscopic cavities. FIG. 9C 
shows an SEM micrograph offluorosilicone plate with micro 
scopic bumps at a higher magnification than that used for FIG. 60 
9A. FIG. 9D shows an SEM micrograph of fluorosilicone 
plate with microscopic cavities at a higher magnification than 
that used for FIG.9B. The bumps and cavities shown in FIGS. 
9A and 9C and 9B and 9D, respectively, have a height/depth 
in a range of 0.5 microns to 0.7 microns. 65 

Other than silicone and fluorosilicone, fluoroelastomers 
(“FKM's) and hybrids of FKM and silicone or fluorosili 
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10 
conce can also be used to form the imaging plate Substrates 
for transferring the patterns from the mold. 

Wetting experiments were carried out on fluorosilicone 
bumps and cavities, and the results compared with Smooth 
fluorosilicone, and randomly textured fluorsilicone. The 
experiments were carried out using D4 solution. The wetting 
study was performed by gently placing a 2 microliter drop of 
D4 on the plate material, and taking a high speed (60 frames/ 
sec) video recording of the spreading drop. The final diameter 
to which a 2 micro liter drop was found to spread on different 
imaging member surfaces is shown in FIGS. 10A-10C. FIG. 
10A shows a spread drop on a smooth fluorosilicone plate 
surface. The D4 solution spread and wet uncontrollably. FIG. 
10B shows a spread drop on a random texture fluorosilicone 
plate surface. The D4 solution spread and wet uncontrollably. 
FIG. 10C shows a spread drop on a regular texture fluorosili 
cone plate Surface, the regular texture comprising cavities. 
The D4 solution pinned well on the cavity surface. 

FIG. 11 shows graphed data pertaining to D4 solution 
spreading of 2 microliter drops on fluorosilicone plate Sur 
faces that are one of smooth, textured with bumps, or textured 
with cavities. The bumps/cavities had a height/depth of 0.5 
microns. The drop diameters were measured as a function of 
time. D4 spreads to a larger diameter of about 10 millimeters 
on Smooth fluorosilicone, whereas D4 drops are pinned to a 
diameter of about 4 and about 6 millimeters on fluorosilicone 
plates having cavities and bumps, respectively. 

FIG. 12A shows an image taken during pullback studies 
wherein laser was applied to the textured Surface having 
fountain solution. FIG. 12B shows the textured surface of 
12A after D4 has evaporated from laser exposure, leaving 
pinned D4. The textured surface helps pin the D4, minimizing 
pullback, improving image quality, and improving print pro 
cess latitude. 

Alternative methods for imaging member textured Surface 
formation may include manufacture by thermal embossing. 
In thermal embossing methods, a negative replica from the 
silicon cavity structure can be embossed onto a Suitable poly 
mer sheet (e.g., polyimide and MYLAR) by appropriate tem 
perature and pressure. Then, the bump Surface on the polymer 
sheet coated with a release layer comprising 1H, 1H, 2H, 
2H-perfluorooctyl trichlorosilane (“FOTS) or perfluorode 
cyltrichlorosilane (“FTDS) can serve as the mold to create 
cavity structures on fluorosilicones. An advantage of thermal 
embossing onto a flexible polymer sheet is that the fluorosili 
cones can be flow-coated by wrapping the textured Surface 
onto the flow-coated fixture. 

Apparatus include an imaging member having a textured 
Surface. The Surface texture may comprise bumps or cavities. 
Preferably, the textured surface comprises regularly arranged 
microstructures that comprise cavities or bumps having a 
depth or height, respectively, of 0.1 to 1 micron, and prefer 
ably 0.1 to 0.7 micron. Preferably the microstructures have a 
spacing of 0.5 microns to 6 microns, wherein the spacing is a 
center-to-center distance between structures. 
Methods include forming an imaging member having a 

textured Surface using photolithography and molding meth 
ods as discussed above by way of example with reference to 
embodiments. Textured imaging member fluorosilicone Sur 
faces enabled dampening fluid or fountain solution pinning at 
the contact line during laser evaporation of fluid, thereby 
reducing pullback and providing an additional adjustable 
parameter for increasing print process latitude between pull 
back and background. Background refers to ink penetration 
through dampening fluid, which results in inking of non 
imaging areas. 
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It will be appreciated that the above-disclosed and other 
features and functions, or alternatives thereof, may be desir 
ably combined into many other different systems or applica 
tions. Also, various presently unforeseen or unanticipated 
alternatives, modifications, variations or improvements 
therein may be subsequently made by those skilled in the art. 
What is claimed is: 
1. An imaging member for ink-based digital printing, com 

prising: 
a textured imaging Surface, the textured imaging Surface 

having a plurality of microstructures arranged in a regu 
lar pattern configured for enhancing control over wet 
ting and dewetting of dampening fluid, the microstruc 
tures being Substantially hemispherical, and 

the plurality of microstructures further comprising cavi 
ties, the cavities being defined by the imaging member 
Surface, wherein the cavities have a depth lying in a 
range of 0.1 microns to 1.0 micron, wherein the cavities 
are arranged whereby adjacent cavities are equally 
spaced from each other by a distance of 0.5 microns to 6 
microns. 

2. The apparatus of claim 1, the textured imaging Surface 
further comprising materials selected from the group com 
prising silicone, fluorosilicone, fluoroelastomers (FKMs), 
and hybrids of FKMs, fluorosilicones, and silicones. 

3. The apparatus of claim 2, the textured imaging Surface 
further comprising iron oxide or carbon black or graphene or 
carbon nanotube or any other suitable Infrared (IR) fillers. 

4. The apparatus of claim 1, wherein the cavities have a 
depth lying in a range of 0.2 microns to 0.7 microns. 

k k k k k 
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